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Abstract 
We have initiated multi-wavelength Raman lidar observation at Etchujima campus (35.66°N, I39.80°E) of 
Tokyo University of Marine Science and Technology (TUMST) since February 2002. It is an extension of our 
aerosol and cloud research using lidar based on Nd:YAG pulsed laser; now we can obtain vertical profiles of 
three backscatter coefficients at 355, 532, and 1064 nm, two extinction coefficients at 355 and 532 nm, one 
depolarization ratio at 532 nm of aerosol, and wateトvapormixing ratio. As of winter of 2003, we have acquired 
data sets of some particular tropospheric aerosol events such as Asian dust and forest fire smoke, and frequently 
observed urban haze. These data sets tend to show characteristic features of not only depolarization ratio but also 
wavelength dependence of backscatter, extinction coefficients and lidar ratio depending on aerosol匂rpe.In the 
smoke case, the backscatter可elatedAngs仕omexponent was high while Angstrom exponent was low, which 
causes a lower lidar ratio at 355 nm than at 532 nm. Systematic analysis of UV-Raman shows the lidar ratio for 
aerosol at 355 nm distributed between 40 and 80 sr. The lidar ratio of water clouds favors lower values of～20 s工
Water-vapor mixing ratio measured by the lidar well agrees with radiosonde observation. Further systematic 
analyses and monitoring are under going. 
1. Introduction 
We have extensively studied the optical properties of aerosols in the planetary boundary layer (PBL) and合e己
troposphere with polarization and Raman lidar technique, Sun photometers and in-situ instruments at TUMST' 
in Tokyo [Murayama et al., 1996; Murayama et al., 1999; Murayama et al., 2001; Murayama et al., 2002]. 
Asian dust and pollution aerosols have been primary objects of our study. Recently, we have recognized that 
vertical variability of aerosol composition is significantly high in this region from ACE-Asia lidar-aircraft 
intercomparison [Murayama et al., 2003]. Therefore, it is highly desirable to derive aerosol optical properties 
resolving with height, which is necessary to assess the radiative impact. However, intercomparison with airborne 
measurements is scare in this region. So far, we need to develop an advanced lidar that enables to characterize 
various kinds of aerosols and re位ievethe comprehensive microphysical properties [Muller et al., 2001]. 
Considering the feasibility, we have extended our lidar system to have additional capability of UV-Raman lidar 
based on third-harmonics emission企omsecond Nd:YAG laser. Now our lidar system is capable of measuring 
backscattering coefficients at 355, 532, 1064 nm, extinction coefficients at 355 and 532nm, depolarization ratio 
at 532nm and water-vapor mixing ratio simultaneously. Here we present the outline of the lidar system, some 
results of the observations for urban haze, elevated Asian dust layer, and biomass-burning aerosol. We also show 
a systematic analysis ofrecent UV-Raman lidar observation and mention the perspective. 
2. Instrumentation and Data Analysis 
2.1 Multi-wavelength Raman Lidar System 
We allocated a UV-Raman lidar system beside existed Mie-Polarization-Raman lidar using 532 (VIS) and 1064 
nm (IR) lasers as shown in Fig. 1. The features of VIS/IR lidar system were described by Murayama et al. [1999, 
2003]. Here we describe the UV Raman lidar system briefly. The system uses another Nd: YAG laser with third-
harmonics generator and a Schmid-Cassegranian telescope in 35・cmdiameter. The optical axis of the telescope 
was well co-aligned to visible/infrared laser beam too. The repletion frequency of the laser pulse is 10 Hz, which 
is triggered企omanother 1‘《d:YAGlaser Q-s、;vitchsignal with a 1-msec delay. These conditions allow us to 
observe nearly same aerosols and clouds in time and space for UV and VIS/IR lidar systems. Raman-shifted 
backscattered lights企omnitrogen and water-vapor molecules, which wavelengths are 387 and 408 nm 
respectively, are detected with photomultiplier tubes (PMTs) after separated from s仕ongelastic scattering by 
dichroic mirrors and m汀owinterference filters. Both analog and photon-counting methods of PMT are 
employed with Licel (Berlin, Germany) transient recorders. Raman lidar measurements have been done only 
during nighttime typically for two to hours after the sunset. Typical operation pulse powers are 100, 100, 200 mJ 
for 355, 532 and 1064 nm laser beams. 
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2.2 Analytical Method of Raman Lidar 
Normally we average/integrate al acquired analog (AN) and photon-counting (PC) data during each nighttime 
observation. AN and PC data for each channel are glued carefullyラ consultingexpected molecular-based 
scattering profiles. Extinction coefficient and scattering ratio of aerosols at 355 and 532 nm are derived by the 
methods developed by Ansmann et al.[1992] and W五itemanet al. [ 1992]. Water-vapor mixing ratio is obtained 
from the ratio of Raman backscatter signal from water圃vapormolecules to that合omnitrogen molecules in the 
UV-Raman lidar system. Atmospheric density profile is obtained from routine radiosonde observations at Tateno 
(36.05°N, 140.12°E) on 12UTC. Normalization of scattering ratio is made at an almost aerosol-free height 
typically over 10 km. Corrections due to difference of atmospheric transmittance at primary laser wavelengths 
and Raman-shifted wavelengths are made for both molecular and aerosol’s extinctions. In these processes, we 
assumed the Angstrom exponent as 1.0 usually and often took into account of the en-or. Backscatter coefficients 
are derived from the scattering ratios. A treatise on the evaluation of Raman lidar technique is recently given by 
Whiteman [2003a, b ]. Backscatter coefficient at 1064 nm is obtained from the Mie-Rayleigh signal by using 
Fernald’s method [ 1984] assuming that the extinction-to・backscatterratio (lidar ratio) of aerosol is 40 sr. 
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Fig. 1 Schematic view of TUMST 
Raman lidar system. Partly taken合om
Mur，αryama et al. [ 1999]. 
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3. Results of Observations 
Here we describe features of aerosol optical properties derived from two-wavelength Raman lidar observations 
regarding to aerosolザpe.Outflow of tropospheric aerosols企omEurasian continent tend to be transported in 
middle and high廿oposphere,we often observed multi-layer s佐山知redecoupled with local urban haze in PBL. 
We can see how aerosol optical properties di首位layerby layer. 
3.1 Case of Urban Haze 
Tokyo is one of the largest urban areas in the world. Thus we expected the urban aerosol plume has gave a large 
impact on western Pacific. Local urban haze is often observed under stable weather condition in al seasons. Fig. 
2 shows such a C蹴 mwinter. High backscatter coefficientβb伽 een8.5 and 1 km indicate cirrus clouds. We 
can see that cirrus is a good object to check no wavelength-dependence ofβand this fact is helpful to evaluate 
the calibration ofβat 1064 nm. The data set shows relatively higher wavelength dependence in bothβand 
extinction coefficientσin the PBL, which seems to reveal features of urban-like aerosol composed from fine 
particles. The lidar ratio Sat 355 nm (S355) is apparently higher than that at 532 nm (S532); the mean S355 and S532 
between 0.9 and 2.1 km are 60.1±6.1 and 48.1土14.3sr, respectively. We omitted the profile of depolarization 
ratio because it is quite small in urban haze case. We also note the S355 in cirrus is about 20 sr, which is much 
smaller than in PBL aerosols. We need more systematic analyses on urban aerosols as partly described in section 
3.4. 
3.2 Case of Mineral Dust 
We have a smaller number of Asian dust events in the spring of 2003 at ground level than usual but stil we 
observed some significant Asian dust layers in the合ee仕oposphereby lidar. We show the profiles obtained on 
March 12, 2003 in Fig. 3. We also indicated Angstrom exponent (AE) derived from extinction profiles at 355 and 
532 nm and similarly backscatter可elatedAngstrom exponent (BAE) in the figure. As seen in Fig. 3, an elevated 
aerosol layer between 3 and 5 km can be decomposed to two components as indicated by horizontal lines A and 
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Fig. 2 Example of Raman lidar observation for urban aerosol and cirrus. The data were obtained during 
1041・1138UTCon February 15, 2003. The radiosonde observation of water-vapor mixing ratio on 12UTC at 
Tateno is also shown. 
B: the layer A is a sharp one peaked at 4.6 km and the layer Bis a broader one peaked at 3.9 km. The lower layer 
B looks more dust-like as suggested from the aerosol depolarization ratio (ADR) profile. We obtained that the 
mean lidar ratio at 355 and 532 nm were 48.6土8.5and 43.1土7.0sr, respectively in the dust-like layer between 
3.5 and 4.3 km. This value of S355 is comparable for the observation at 351 nm in southern Italy （～50sr) [De 
Tomasi et al., 2003] but smaller than the observation in Leipzig, Germany (50・80sr) [Mattis et al., 2002]. Mie 
calculation based on mineral dust model [Ackermann, 1998] suggests that UV-absorbing e首ectincreases the 
lidar ratio in UV-wavelength than in visible wavelength, which agrees with our observation. In addition, we can 
see interesting differences of aerosol optical properties in the layers A and B not only ADR but also AE and 
BAE; we can see high AE and BAE values in the layer A than in the layer B, which also suggest the layer A is 
composed企omfine aerosols unlike mineral dust. Since the water vapor mixing ratios in the layers A and B are 
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Fig. 3 Example of Raman lidar observation for elevated Asian dust. The data were obtained during 
I056-1306UTC on March 12, 2003. The radiosonde observation of water-vapor mixing ratio on 12UTC at 
Tateno is also shown. 
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comparable as shown in Fig. 3, here we may r吋ect“often-madeassumption”that hygroscopic growth of mineral 
dust reduces the depolarization ratio. The fine aerosols in the layer A could be fine dust or pollution aerosol. We 
need more statistics to mention wavelength-dependence of the lidar ratio for dust case. 
3.3 Case of Smoke 
In May and June 2003, remarkable forest fire activity was occu汀edin eastern Russia region. Smoke plumes 
originated企omthese fires were transported over Japan, which is well shown by Sea WiFS RGB images [J 
Prospero, private communication]. We show the profiles obtained in the night of May 21, 2003 in Fig. 4. A 
prominent aerosol layer between 2.5 and 4 km had a small but meaningful ADR （～6% ).We can see白rther
following distinct fea旬resin this smoke layer: 
i) Extinction coefficient is very high (0.5・0.7km’lat the peak). 
i) The wavelength dependence of backscatter coefficient (BAE) is high （～1.7), while the Angstr凸mexponent 
(AE) is small （～0.5 at the peak). 
ii) The lidar ratio at 532 nm （～60 sr) is apparently higher than the value at 355nm （～40 sr). 
η1ese results are consistent with our previous observation in the summer of 2002 [ Murayamα，2003] and the 
observation in LACE98 for aged smoke [Wandinger et al., 2002]. The small AE between at 355 and 532 nm in 
smoke layer is supported from observation by AERONET [Eck et al., 1999], and in fact the AERONET level 1.5 
data in Shirahama (33.69°N, 135.36°£) on May 21, 2003 shows such tendency near UV region 
(http://aeronet.gsfc.nasa.gov／）.百四relationii): S355 is smaller than S532, can be used to identi今thesmoke layer 
because opposite relation is usually seen as shown in previous sections. 
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Fig. 4 Example of Raman lidar observation for biomass-burning aerosol. The data were obtained during 
1349・1840UTCon May 21, 2003. The radiosonde observation of wateトvapormixing ratio on 12UTC at Tateno 
is also shown. 
3.4 Systematic Analysis of UV-Raman Lidar Observation 
Since the UV-Raman lidar observation is more efficient than visible in our current lidar system, we proceed the 
systematic analysis of aerosol optical properties and water vapor using the UV-Raman lidar data at first. Fig. 5 
shows some examples of vertical profiles of derived aerosol optical properties and mixing ratio. The lidar 
derived mixing ratio using a constant normalization factor mostly agree well with the radiosonde observation at 
Tateno. Fig. 6 shows the histogram of averaged lidar ratio S35 in the lower仕oposphereincluding water clouds. 
The most probable value of aerosol lidar ratio is located between 50 and 60 sr. The S35 contaminated by water 
clouds shows certainly lower values and mostly located at 20・30sr, which is consistent with calculated values 
(16・19sr) for stratus and cumulus clouds by OPAC [Hess et al., 1998]. 
4. Summary and Perspective 
We have initiated two-wavelength Raman lidar observation of tropospheric aerosols and successfully derived 
height-resolved aerosol optical properties including Angstrom exponent. We demonstrated that the data set of 
three backscatter, two extinction coefficients, one depolarization ratio, and water-vapor mixing ratio is quite 
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Fig. 5 Example ofrecent systematic analysis of UV-Raman observations. Mixing ratio observed by radiosonde is 
taken from Tateno on 12UTC of each day. 
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Fig. 6 Histogram of averaged lidar ratio for water cloud and aerosol at 355 nm during the period合omOct. 2nd 
and Dec. 8th in 2003. The values for aerosol are classified for ‘'under water-clouds" (Aerosol below WC) and 
“cloud-free”（Aerosol) cases. 
practical to characterize住oposphericaerosols, especially for mineral dust and biomass-burning smoke. We will 
perform a long-term observation of tropospheric aerosols and clouds with the multi-wavelength Raman lidar to 
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derive climatological values of aerosol and cloud optical properties combined with Sun/sky photome恰rs.¥Ve 
also intend to apply state-of-art inversion codes to derive microphysical aerosol properties [ Muller et al.宅2001］割
Thus we believe two-wavelength Raman lidar with a depolarization channel is the most feasible and powerful 
tool for aerosol and cloud research. 
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